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Note by M. CHARLES NORDMANN presented by hf. 
C'ornptes Reudus. Paris, Juue, 1903. 

Since the well-known memoir by Koeppen,' which appeared 
in 1873, and which embraces the period from 1880 to 1870, no 
complete work on this subject has been published. 

By the kind advice of Mons. H. Poincar6 I have attempted 
to study the data for the past thirty years bearing on this 
question which is of such great importance to celestial phyiscs 
and meteorology. It results from Hoeppen's work that the 
curve of the variations of mean annual temperatures pursues a 
regular course only at the tropical stations, and that for 
regions outside of the Tropics, this curve becomes so very ir- 
regular that it is no longer possible to recognize in it any 
periodic course whatever. 

I have, therefore, only made use of the results a t  tropical 
stations. But as i t  is especially during these last thirty years 
that meteorological observations have been everywhere cliff used 
and systematized, I have been able to utilize much more 
extensive and more accurate inaterials than Iioeppen had at  
his disposal. For example, whereas, on the one hand, Iioep- 
pen only had access to  observations from the Indies, the An- 
tilles, and tropical America, I have been able to utilize those 
for a great number of stations distributed all around the globe, 
so that the results obtained can really be considered as repre- 
senting the average condition of all that part of the earth 
situated between the Tropics; on the other hand, I have hac1 
at my disposal a series of observations generally longer for each 
station than those possessed by Koeppen, so that, whereas, he 
was obliged to make use of certain series containing only six 
years of observation (which might be a source of error) I was 
able to eliminate all series not having at  least eleven years of 
observation, that is to say the mean value of a complete period 
of sun spots. 

The stations, for which I have utilized all the observations 
published since 1870, are the following, in the order of in- 
creasing east longitude : 

Havana, Cuba, north, 43O: west, W2O. 
Kingston, .Jamaica, north, 18": west, 7 6 O .  
Port au Prince, Hayti, nortli, 18": west, 7 2 O .  
Port of Spain, Trinidad, north, 110; west 6 2 O .  
Pernanihuro, Brazil, south, tio; west. 3 5 O .  
Free Town, Sierra Leone, north, no; west, 13O 
Port Louis, Mauritius, south, 20°; east. 57". 
Rodriguez Iqland, south, 19": eabt, 6 3 O .  
Bombay, India, north, 19O; east, 73O. 
Batavia, Java, south, G o ;  east, l07O. 
Hongkong, China, north, W0; eabt, 111O. 
Zi-Ka-Wei, China, north, 3 1 O ;  east, 121O. 
Manila, Philippines, north, 11; east, 1810. 

The following table summarizes the results obtained. C'oluinn 
A contains, for each gear, the general mean of the annual cle- 
viations from the normal, and for all the statioiis; this series 
of means has been computed by giving the weight 2 to the 
observations at  Bombay, Batavia, Zi-Ka-UTei, Hongkong, and 
Msnila, whose means result from a great number of daily ob- 
servations and extend over a greater number of years than those 
of the other stations; to these latter the weight 1 has been 
given. The figures in column B (calculated in order to give 
a more homogeneous appearance to  the curve of the variations 
and to  eliminate, as far as possible, the second:try irregulari- 
ties from this curve ), are computed in the following manner: 
Each figure of this colunin is equal to the iman of the corre- 
sponding number in column A and to the half sum of the 

figure which precedes and the figure which follows it. The 
column of sun spots contains opposite each year the relative 
numbers of spots (Wolf's numbers). The numbers in columns 
A and B represent hundredths of degrees centigrade: 

Years. I 
I- 

................................. 
................ 
................ 

............ 

................ 

................ 

A. 

0 

.-29 
- !I 
- 8  
- 4  
-?2 
- 6  
-13 
+ I 3  + 90 
0 

+ 5  
-1-33 
4- 3 
- 9  
-37 
-2) 
-16 
-16 
4-21; 
-11s 
- 1  
i l l )  
- 1  
-2; 
1 3  
- 1  + 25 
+28 
+ I 9  
+IO + 33 

If we construct a curve by taking for abscisas the years and 
for ordinates the numbers in column B, and another curve by 
taking the same abscissas and as ordinates the numbers of the 
column Sun spots, but entering these latter ordinates nega- 
tively in R U C ~  a way as to repreHent the inverse [strictly the 
complement] of the frequency of the sun e.pots, we obtain two 
curves of a perfectly parallel course. A more detailed cliscus- 
sion of the two curves only confirms their parallelism, which 
appears even in the most minute details; the limits of this 
note do not permit giving this detailed study here, but it will 
shortly appear in a nienioir containing tlie details of this work. 

We can, however, even now enunciate the following conclu- 
sion which results immediately froin the examination of the 
preceding table. 

The mean teniperature of the earth iz sulJject to a period substantially 
equal to that of the sun spots; the rffrct of thebe zpots ih to diminish the 
inean temperature of tlie earth; that ih to qay, the ( w n e  which reprc- 
bents the variations of the latter i.s parallt'l t i )  the inTerted curve of the 
frequency of the sun spots. 

I take pleasure in expressing niy profound gratitude to Mon- 
hieur Mawart who has kindly placed the resources of the 
Library of the Central Meteorological Bureau a t  my disposal 
for this investigation, and to Monsieur Angot who, with a kind- 
ness which I am happy to acknowledge, has given me the bene- 
fit of his advice, which is of much weight in these matter. 

ON THE SIMULTANEOUS VARIATIONS OF SUN SPOTS 

PERATURES.' 
AND OF TERRESTRIAL ATMOSPHERIC TEM- 

By Prof. ALFRED ANGOT, trnilslnted by hf1qs R -4. EU\VARDs.  

RIr. C'harles Norclinanii has recently published the general 
conclusions of a very interesting work in which, confirming 
and extencling the results set forth by Iioeppen thirty years 
ago, he slio~vs the relation betaeeii the period of sun spots 
and the average :tnnual temperature of the earth's atmosphere 

To obtain this result Nordmann, as did Koeppen, took a cer- 
in the tropical rek' 'lolls. 

Zeitschrift der Oesterr. Gesellsebaft fur Meteorologie, t.  VIII, 1873. 1 Annuaire de la SouiBtC! hGtBorologique de France, June, 1903, pp. 9%97. 
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c. Depur- 
tures. tain number of stations furnishing series of temperature ob- 

servations for a t  least twelve years. For each station he took 
the general average and subtracted this average from the value 
corresponding to each year, which gave the departure of the 
year from the average. He then averaged the departures 
found for the different stations for the same year, giving a 
double weight to stations which afforded the longest series. 

It seems to me that the departures thus obtained have no 
definite significance; it is very difficult, a t  any rate, to deter- 
mine the degree of relation that they bear to each other. The 
average temperature of every station depends on the number 
of years employed; consequently the absolute values of the 
departures depend on the length of the series. Should there 
be, in the course of the same series, some modification of the 
observations resulting in lack of homogeneity, this defect 
would affect the general average ancl consequently all t,he 
departures. 

Finally, the average of the departures for any given gear 
(in Nordmann's column A )  is not based on the same stations 
from one end of the series to the other. 

Under these conditions, it appears to me that it would be 
advantageous to  employ an alt,ogether different inethocl of 
discussion, in which the observations for each statmion are 
treated separately and by separate periods, correq~oncling 
nearly to those of the sun spots. 

If the observations present some lack of homogeneitmy that 
can not be corrected, this defect will affect, a t  least, the results 
of one period only, namely, that in which the discontinuity 
occurs in the observations. 

If, for a given station, the average annual temperatures ( t )  
present a variation parallel to that of the nuniber ( r )  of sun 
spots (the so-called relative number of Wolf), one can approsi- 
mately express the relation by the formula 

t = f o  + a 1', 
(to) and ( a )  being two constant8 characteristic of each station 
and of each period of solar activity. Each year will furnish 
an analogous equation, so that a cycle of sun spots mill give 
eleven equations, which will permit the determination of the 
most probable values of (f,) and of (a). It is not necessary, 
however, that the cycle be absolutely complete; nine or ten 
years mill be sufficient, providing they comprise the greatest 
and the least values of ( r ) .  

The most convenient and the most rapid process for solving 
the system of equations (1) is that of Cauchy.? We commence 
by adding the ( n )  equations; dividing the sum by ( I ) ) ,  me obtain 
an equation of the form: 
(2) T = t + a R ,  

(1) 

z t  S r  
'11 n in which T =  - R = - *  

We now subtract equation (1) from equation (2), or inversely, 
and obtain a number ( n )  of equations of the form: 

which we so arrang'e that the coefficient of (a) shall be always 
positive. 

gives the value of (0) in the most convenient manner possiihle. 
As an example of the method, I will here give the calculations 
relative to the ten years of observations (1892-1901) obtained 
at  Camp Jacob (Guadeloupe). I n  the first series of equations 
the coefficient of (a) is the relative number ( r )  of sun spots, and 
the second member is the annual observed temperature ( t ) ,  
expressed in centigrade degrees. The second series of equa- 
tions represents the equations (3)  obtninecl by subtracting each 
of the first ten equations from their average. 

(3) a (1' - R) = (t - T ) ,  

The sum of these ( 1 1 )  equations, or 
aiP ( r -  R)  = S (t - T ) ,  

PThis is, of course, not equivalent to  the snlut.ion by the method of 
least squares.-ED. 

oc 
1892.. ........... to+ 7 3 a =  81.52 
1893 . . . . . . . . . . . . .  to+ 8 5 a =  21.41 
1894. . . . . . . . . . . . .  to+ 7 8 a =  21.40 
1895.. . . . . . . . . . . .  to + 640, 21.63 
1896.. . . . . . . . . . . .  to+ 4 2 a =  31.83 
1897.. . . . . . . . . . . .  to + 26 a= 2'3.03 
1898.. . . . . . . . . . . .  to+ 2 7 a =  31.83 
1899..  . . . . . . . . . .  to+ 1 3 n =  21.89 
1900,. . . . . . . . . . . .  to+ 9 a =  22.19 
1901.. . . . . . . . . . . .  f " +  3 0 1  23.34 

o c  
31.1 a = - 0.275 
43.1 a = - 0.385 
36.1 cc = - 0.395 
22.1 CI = - 0.165 
0.1 a = + 0.035 

15.9 ct = - 0.235 
14.9 a = - 0.035 
29.9 n = - 0.095 
33.9 a = - U.395 
38.9 n = - 0.445 

o c  oc.  
21.51 + 0.01 
21.40 + 0.01 
21.47 1 0 . 0 1  
21.59 + 0.04 
21.79 + 0.04 
31.94 + 0.08 
21.93 - 0.11 
22.06 - 0.17 
22.09 + 0.10 
23.14 + 0.10 

~ - -  
Sumof 10years. to+  419a=!217.95 263.0n=- 3.370 
Average . . . . . . .  to + 41.9 a = 21.795 cc = - 0.00901. 

Substituting this value of ( a )  in the equation to + 41.9 a 
= 21.795", we obtain to = 22.17'. 

If we calculate the temperature for each gear by means of 
the formula to + ar,  we obtain the numbers given in column C 
in this table. Beside each of these numbers, me find t.he de- 
partures (obs. - calc.) between the temperatures as observed 
and as calculated. 

The probable error of an observation calculated from the 
departures from the general average is f 0.80' C.; i t  falls to 
f 0.06" C. i f  we calculate it from the departures given in the 
last column of the table. It mould seem then, according to 
these values, that the relation of the average temperatures to 
the sun spots a t  Camp Jac,ob is very clear. In  addition, we 
notice that the value found for the coeficient (a )  corresponds 
to a change of temperature of 0.90' C. (more than four times 
greater than the probable error of an observation) between 
the two years for which the difference between the relative 
number of sun spots is equal to 100, a difference which is 
sometimes esceedecl when we compare years of maximum and 
minimum of sun spots. 

In  spite of this apparently favorable result, we should not 
conclude, from these observations alone, that the relation in 
question between temperature and sun spots actually exists; 
i t  is necessary to repeat the same calculation for a great num- 
ber of stations ancl for many cycles of solar activity. Certain 
of these cycles will give a result favorable to the hypothesis, 
i. e., a negative value of the coefficient (a), others will give an 
unfavorable result; the ratio of the numbers of these two 
classes of cases will permit one to form an idea of the degree 
of probability as well as of the real size of the coefficient (a). 
I will not undert,ake here to discuss the question in a general 
manner. I will give only the result,s of some series that I 
have calculated, indicating for each series and each cycle the 
resulting equation for a 1 (r-R) = S ( t  - T) ,  which will give 
the value of (a). 

Hongkong. -Two series of obseryations were obtained under 
different conditions, the one from lSB5 to 1886 (188.5 is miss- 
ing) made by the military surgeons, and the other from 1881 
to the present time, carried on at  the observatory. These two 
series have been treated separately and divided each into two 
parts, ten years for the first series and nine for the second. 
The following are the resulting equations which give (a) for 
each of these four periods: 

1865-1874. . . . . . . . . . . . .  356 (I. I -0.50 
1875-1886. . . . . . . . . . . . .  233 n = -3.80 
188&1893, . . . . . . . . . . . .  198 n = -1.04 
1893-1901. . . . . . . . . . . . .  230 a = -1.17 

0 c. 

11116 n=-G.51, whence n=-0.00640 C. 

The four periods considered are all favorable to the hypothe- 
sis of the relation between sun spots and temperatures. 

&dnwi.-The observations made at  the observatory from 
1866 to 1899 were divided into t h e e  periods, the first two of 
eleven years, the last of twelve; the resulting equations which 
give (a) are the following: 
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0 c. 

18661876. . . . . . . . . . . . . 416 a = - 0 . 4 7  

1893-1899. . . . . . . . . . . . . 298 u = -1.11 
1877-1887. . . . . . . . . . . . 283 u = -0.70 

~ 

952 a = -2.28, whence a = -0.0024° C. 
The three periods are again all favorable to  the hypothesis, 

but the coeficient obtained is much smaller than for Hong- 
kong. 

Bombay.-The observations, made from 1846 to 1899, were 
divided into five periods, of which the first four comprise eleven 
years and the last ten years only. The equations which give 
(a) are the following: 

0 c. 
18461856 . . . . . . . . . . . . .  330a=-2.37 
1857-1867. . . . . . . . . . . . . 263 n = +1.23 
1868-1878 . . . . . . . . . . . . .  483a=-0.10 

l890-~899 . . . . . . . . . . . . .  240a=-l.02 
1879-1889. . . . . . . . . . . . . 210 = -0.17 

1496 a -2.73, whence a = -0.0018° C. 
Of the five periods considered one is clearly unfavorable to 

the hypothesis; one gives scarcely any variation, and the other 
three are favorable. 

Barbados.-Observations were macle from 1865 to 18S6, but 
as the two years 1881 and 1882 were missing, there remained 
then exactly twenty years which have been clivided into two 
equal periods. The equations which give ( n )  are the following: 

0 c. 
356 u = -0.11 

1875-1886. . . . . . . . . . . 195 u + 0.69 
1865-1874 . . . . . . . . . . . . 

551 (6 = +0.58, whence a = +0.00110 C. 
The first series is favorable to the hypothesis, the seconcl 

unfavorable. 
Buuana.-Sixteen years of observations (1886-1901) ; using 

the years 1892-1895 twice, the two series are 188ti-1895 and 
1892-1901. The equations obtained for (a )  are the following: 

0 c. 
16861895 . . . . . . . . . . . . .  2 8 5 ~ = - 0 . 7 3  
1892-1901. . . , . . . . . . . . . 270 n = -0.38 

,555 a, 
--- 

-1.10. whence a = -O.OOaOo C. 
I n  summing up we find that of the 16 series thus stucl- 

ied, 14 give for (a) a negative value, 2 a poRitive value; the 
probability is then, according to these observations, 7 to 1 
that an increase in the number of sun spots is accompanied by 
a diminution ,in the temperature and inversely. 

By giving to the values of (a) deduced from Observations of 
the various stations, weights proportional to the number of 
series, we obtain for a final value a = - 0.0033' Cy. 

Hence, an increase of 100 in Wolf's relative sun-spot num- 
bers (a difference which frequently exists between a maximum 
and a minimum) will be accompanied by a diminution of 0.83" 
C. in the value of the mean annual temperajare. 

It is evident that in order to determine the value of thc co- 
efficient (a) it would be necessary to work with a much larger 
number of series. I have given the numbers which precede 
only as an example of a method which appears to me more 
exact and more convincing than that ordinarily employed. 

ULIMATOLOGY OF COSTA RICA. 
Communicated by Mr. E. PITTIER, Director, Physical Geographic Institute. 

[For tables see the last page of this REVIEW preceding the chnrts.1 

Notes on the weather.-On the Pacific slope the rains were 
generally above the normal. In  San Josh pressure and rela- 
tive humidity were slightly above the average, while tempera- 
ture was below. Sunshine 1 G Y  hours, against a normal of 134. 
On the Atlantic slope rains were also very abundant, excepting 
in the valleys of the interior, where there mas a relative scarcity. 
A few local cyclonic movements did some clamage to the banana 
plantations. 

50-2 

Notes on earthpuak:es.-August 8, 2' 29" a. m., slight shock, 
%W, intensity 11, duration 3 seconds. August 19, lh 02" 50' 
a. m., strong shock, WNW-ESE, intensity 111, duration 3 
seconds. 
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